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declare that the warming world is 
phenomenon beyond all doubt, 
and that the likelihood of this 
being caused by the human action 
of putting greenhouse gases into 
the atmosphere — and not, say, 
by increased solar activity, as 
some have argued — is greater 
than 90 per cent. For all but the 
most perverse of sceptics, it ends 
the basic argument. And it also 
urgently warns that the risks are 
greater, and possibly sooner, than 
was appreciated even six years 
ago, when the third assessment 
was published.
“Warming of the climate 
system,” it states, “is 
unequivocal”. It makes clear 
that the atmosphere is rapidly 
warming, snow and ice are melting 
across the world, and the global 
sea level is rising at an increasing 
rate, yet the problem is solvable if 
governments act decisively.
It is of immediate importance for 
the 10,000 ministers, diplomats, 
officials and civil servants from 
every country who are assembling 
in Bali to try to sketch out a 
new international climate treaty 
to follow the Kyoto Protocol. 
Developing countries were not 
included amongst the countries 
in this protocol trying to reduce 
greenhouse gas emissions and 
other key countries, such as the 
US and Australia, failed to sign up. 
Since this protocol, the economies 
of countries such as China and 
India have taken off: China is now 
second only to the US in terms 
of greenhouse gas emissions. 
Researchers hope that a new 
agreement in Bali will have a wider 
agreement than Kyoto.
The report’s key points highlight 
that all regions are getting 
hotter. The extent of Arctic ice 
is shrinking by 2.7 per cent per 
decade and more areas are being 
affected by drought. It points 
out that human greenhouse gas 
emissions grew by 70 per cent 
from 1970 to 2004. Carbon dioxide 
output rose by 80 per cent and 
the gas is now at its highest 
concentration in the atmosphere 
for 650,000 years. Greenhouse 
gas emissions are projected to 
almost double by 2030.
The new slim volume certainly 
packs a data punch for the Bali 
policymakers.Going green is traditionally 
associated with consuming 
less but politicians are rarely 
willing to promote this kind of 
thinking, for fear of damaging the 
economy fuelled by the illusion of 
limitless growth in production and 
consumption. 
But what if green thinking 
can open up a market for a 
new technology? Maybe we 
can help the planet and use 
fossil fuels and even sell lots 
of high-tech machinery? This 
must be the thinking behind the 
current enthusiasm for carbon 
capture and storage (CCS), the 
yet- to- be- perfected technology 
that allows you to burn fossil fuels 
without releasing carbon dioxide 
into the atmosphere. 
Germany’s ministry for research 
and education (BMBF), in a rare 
triangular cooperation with the 
ministries for the economy and 
for the environment, has recently 
presented a detailed report on 
the possibilities and pitfalls of 
CCS technologies. The report 
distinguishes between three 
areas that need to be developed, 
namely the capture process itself 
at the power station, transport 
from there to the storage location, 
and the storage itself. 
In terms of capture 
technologies, there are currently 
three options under development: 
post-combustion technology, 
separating CO2 out of the flue gas 
of a normal power station; oxyfuel 
technology; and integrated 
gasification combined cycle 
(IGCC) technology.
The first option is the one 
that is most advanced in its 
development, partially because it 
is relatively straightforward to do 
alongside existing technologies 
that separate gases such as SO2 
from the flue emissions. A few 
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carbonpilot plants are already operating 
and can serve to develop the 
technology further, including one 
at the coal-fuelled power station 
of Esbjerg, Denmark, which can 
capture one ton of carbon dioxide 
per hour. However, it is already 
becoming obvious that this 
technology is relatively costly in 
terms of investment and in terms 
of additional energy needed.
Option number two, the oxyfuel 
technology, separates gases 
before, rather than after, the fuel 
is burned. Thus, nitrogen and 
other gases are removed from the 
air and the fuel burns with pure 
oxygen, producing only water 
vapour and carbon dioxide. Water 
vapour condenses out readily, 
leaving pure carbon dioxide. This 
technology is also being tested in 
pilot plants, including a 0.5 MW 
plant at Jänschwalde, Germany.
Finally, in a more radical 
departure from the design of 
a traditional power station, 
the IGCC technology involves 
converting the fuel into syngas 
(carbon monoxide and hydrogen), 
which is then reacted with water 
vapour to produce carbon dioxide 
that is again captured after 
combustion. 
As for the transport, the report 
envisages that this could happen 
via pipelines, which would work 
similarly to oil and gas pipelines. 
Storage of carbon dioxide 
underground requires suitable 
geological formations where the 
carbon would remain locked away 
for thousands of years (ideally, 
until we need it to avert the next 
ice age). In order to guarantee 
suitable temperatures and 
pressures, the storage sites would 
have to be at least 1,000 metres 
below ground. Disused coal 
and salt mines have been ruled 
out, although gas fields may be 
suitable.
The ministries recommend that 
the government should intensify 
support of R&D efforts towards 
CCS technologies, and should 
aim at hosting two or three of the 
twelve prototype plants envisaged 
by EU recommendations. Given 
the strength of green protest 
movements in Germany, they also 
highlight the need to demonstrate 
that the technology is in fact good 
for the environment (taking into 
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in energy and materials) and that 
the storage of CO2 can be handled 
safely.
Apart from Germany, a number 
of other countries including the 
US, UK, Norway, and Australia 
have joined the efforts to develop 
CCS technologies. As always, 
there is the hope that whoever 
comes up with a commercially 
viable solution first may reap 
the rewards in terms of export 
contracts. 
Norway has already gathered 
more than 10 years of experience 
with storing carbon dioxide 
beneath the sea bed. CO2 
separated from the Sleipner 
West gas production field in the 
North Sea is routinely injected 
into the Utsira formation, around 
1000 metres underground. 
Norway’s ministry of petroleum 
and energy states that since 1996, 
a million tonnes of CO2 have been 
stored every year, and no signs 
of leakage have been discovered 
so far. 
Norway is due to open a 
second carbon sequestration project at the Snøhvit gas site, 
which is beginning to produce 
liquefied natural gas this winter, 
and where around 700,000 tonnes 
of CO2 per year are to be stored 
2,600 metres below the sea bed. 
Norway has also played an active 
part in EU and other international 
programmes to promote CCS 
technologies and has plans 
to introduce post-combustion 
technology in gas-fired power 
stations. 
In his first environment speech 
as the UK prime minister on 
November 19, Gordon Brown has 
announced a funding competition 
for a full-scale CCS pilot plant. 
“For many countries — including 
the US, China and India — coal 
is still the cheapest, most readily 
available form of energy and will 
remain so for decades to come,” 
Brown said at a conference 
organized by the World Wide 
Fund for Nature. “So if we are 
to have any chance of meeting 
our global climate goals, we 
must find ways of capturing and 
storing the carbon dioxide it 
produces.”The UK government calls 
for proposals to build a single 
pilot plant which is anticipated 
to start operating by 2014. The 
UK subsidiaries of the German 
companies E.ON and RWE have 
already announced they will make 
a bid in the UK competition. 
This technology also promises 
export opportunities in Asia, as 
China has built hundreds of new 
coal-fired power stations in the 
past few years. In the US, the 
pre-combustion IGCC method 
is favoured. Companies like 
American Electric Power are 
playing a key role there. In the 
Netherlands, an oxyfuel-based 
power station is due to take up 
operation by 2009. 
And the most recent OPEC 
summit, held in Riyadh in 
November, passed a declaration 
highlighting the importance of 
CCS technologies to reduce the 
impact of fossil fuels on climate 
change. 
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